SUMMARY Study of the blood group, isoenzyme, and serum protein systems representing polymorphic variants at 23 loci, in a population of 53 multiple sclerosis patients in Orkney, their relatives, and a control series, showed that patients were neither more homozygous nor more inbred than controls. Any possible association of the disorder with the ABO and rhesus blood groups was not directly causal, but was related to the families of the patients rather than to the patients themselves.
genetic component in the aetiology, of multiple sclerosis (MS) in the Orkney Islands, which there has its highest reported prevalence, the genetic structure of the population was considered, and by direct methods the coefficients of inbreeding and of kinship in a series of patients and controls were calculated (Roberts et al., 1979) . At the same time, to provide an independent appraisal of the role of consanguinity and so to confirm or otherwise the results of the direct analysis, an attempt was made to examine inbreeding indirectly from the study of blood groups and other polymorphic variants.
There was a second object of the study. Recent discussion of associations of MS with the histocompatibility antigens (Arnason et al., 1972; Bertrams et al., 1972; Naito et al., 1972; Compston et al., 1976; Whitaker et al., 1976; Opelz et al., 1977; Poskanzer et al., 1980) has reopened the question of whether patients possess a gene or genes rendering them genetically susceptible to the disease, and whether they represent a subsection of the population that is genetically identifiable. The association of the disease with blood groups has remained controversial throughout the 14 years since it was first suggested (McAlpineetal., 1965) but from recent studies it seems that MS patients may be characterised by a slightly higher frequency of blood groups 0 and Rhesus ccddee. The Orkney population is of obvious relevance to this discussion in the light of its geographical situation at the extremes of the European gradients in frequency of these blood groups, and of its high prevalence of MS. The opportunity was therefore taken to examine in Orkney the suggestion from cross-sectional studies that there may be blood group associations with MS, and also to inquire whether these occur within families, for no family study of this kind has yet been made.
Material and methods
All patients with MS (1963) . and phosphoglucomutase by using double the molar concentration of all ingredients of the buffer given by Spencer et al. (1964) at pH 7-4.
Adenosine deaminase was typed by the method of Spencer et al. (1968) . For 6-phosphogluconate dehydrogenase, lactate dehydrogenase, and malate dehydrogenase, a phosphate buffer pH 7 1 was used, the lower half of the gel slice stained using the reaction mixture of Fildes and Parr (1963) Table 1 are set out the phenotypes observed in the MS patients, compared with the numbers observed in the contiguous controls, the discontiguous controls, the two sets of first-degree relatives, and the total unaffected. On inspection of the data, there is only one barely significant difference between the affecteds and the unaffecteds, in the Lutheran-system where the affecteds appear to have an excess of the Lua gene. There is a suggestion that patients of blood group 0 may be slightly in excess by comparison with the discontiguous controls and the large unaffected sample (49% compared with 30% and 41%); they share this elevation, however, with the contiguous controls (52%). In the rhesus system the phenotype ccddee occurs in 15% of affected, 8-7% of discontiguous controls, and 9 7% of other unaffecteds, again suggesting a slight elevation in the patients, and again this is shared with the contiguous controls (13%). It appears that the apparent differences may be due to local variation in ABO and rhesus frequencies within the Orkney Islands. The tendencies, however, are in the same direction as in the earlier suggestions of association.
The intrafamilial analysis shows no significant association in any system. For both group 0 and ccddee the observed number of affected is very close to that expected were the association with the disease random within sibships.
The number of loci at which each patient was heterozygous was counted, and similarly the number at which he was homozygous. The mean number of loci at which the patients were heterozygous was 4 72 by comparison with that in contiguous controls (4.02), discontiguous controls (4.24), and all unaffected (4.25). The mean number of loci at which homozygosity was established in the patients was 14 11, in contiguous controls 14-44, in discontiguous controls 14-26, and in unaffecteds 14-25. It appears that patients have no excess of homozygosity, and hence that they are unlikely to be more inbred than the controls.
The gene frequencies are set out in Table 2 , and from these the expected phenotype frequencies in give estimates grossly at variance with true population levels. Simpson et al. (1965) in the north-east of England were unable to detect any significant difference, but again in their series there was a slight excess of blood group 0 amounting to 1-4% overall. In a subsequent study in the north-east of England, MacDonald et al. (1976) showed an excess of 0 that was significant compared with one normal series but not with another. Similarly, they showed a significant difference in the rhesus system, particularly striking in the excess of cde homozygotes.
In the light of these findings, the current results are of interest in that the suggestions are in the same direction although they do not reach significance. Here, however, sample size is critical, for from the nature of blood group data there would need to be very gross differences in gene frequencies for them to be detected in a small sample of 53 patients. However, the present study shows that it is not so much the features of the patients themselves that are responsible for the tendency. For when the first-degree relatives of propositi and the first-degree relatives of controls are selected from among the unaffected series (Table 1) , it is obvious that the former share elevated frequencies of 0 and cde homozygous phenotypes by comparison with the first-degree relatives of controls. This suggests that it is the families themselves, rather than the patients, who are characterised by this excess. A similar finding comes from the intrafamilial analysis, which indicates that it is the sibships rather than the patients that are so characterised.
These results suggest that the association, if it exists, between MS and the ABO or rhesus alleles is not directly causal. Instead, the association appears to be familial, so that the population consists of a number of family groups where blood group 0 and a higher susceptibility to MS are associated together. This is compatible with a polygenic hypothesis of genetic involvement in MS in which the 0 gene or a cde combination are pleiotropic and their presence increases the liability to develop the disease, as well as exerting their own serological effect.
One possible interpretation of the previously suggested associations with 0 and rhesus ccddee blood groups, that it reflects homozygosity, is eliminated by the present material, for it appears that patients have no excess of homozygosity, and hence that they are unlikely to be more inbred than the 
